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(54)
CHARGED PARTICLE BEAM DEVICE

(67) A charged particle beam device includes: a
charged particle source (10); an optical system (20)

which acts on a charged particle beam emitted from the

charged particle source; a control unit (40) which controls
the optical system (20); and a storage unit (50) which
stores previous setting values of the optical system (20),
the optical system (20) including a first optical element
(24) and a second optical element (22) for controlling a
state of the charged particle beam to be incident on the

first optical element (24), wherein the control unit (40)

performs: processing of obtaining an initial value of a
setting value of the second optical element (22) based
on previous setting values of the second optical element
(22) which are stored in the storage unit (50); and
processing of changing a state of the charged particle
beam by changing the setting value of the second optical

element (22) from the obtained initial value and obtaining
the setting value of the second optical element (22) based
on the change in the state of the charged particle beam.
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Description
BACKGROUND OF THE INVENTION

[0001] The presentinvention relates to a charged par-
ticle beam device and to a control method of an optical
system of a charged particle beam device.

[0002] In charged particle beam devices such as a
transmission electron microscope and a scanning elec-
tron microscope, adjustment of an optical system is per-
formed prior to performing observation and analysis. For
example, adjustment of a deflector which controls a po-
sition and an angle of an electron beam is performed so
that the electron beam is incident along an optical axis
of a probe-forming lens. In addition, for example, with a
transmission electron microscope, adjustment of a lens
that controls an illumination angle of an electron beam
is performed so that the electron beam is incident in par-
allel to a specimen.

[0003] Forexample, JP-A-2017-10608 discloses, as a
method of correcting a minute tilt angle of a charged par-
ticle beam, arranging a reflector between a charged par-
ticle source and an objective lens and performing tilt cor-
rection of the charged particle beam based on informa-
tion related to a scanned image created by emitted
charged particles which are emitted from a specimen and
obtained by the reflector.

[0004] Such adjustments of an optical system are pref-
erably performed accurately within a short period of time.

SUMMARY

[0005] Accordingtoafirstaspectoftheinvention,there
is provided a charged particle beam device including:

a charged particle source;

an optical system which acts on a charged particle
beam emitted from the charged particle source;

a control unit which controls the optical system; and
a storage unit which stores previous setting values
of the optical system,

the optical system including:

a first optical element; and

a second optical element for controlling a state
of the charged particle beam to be incident on
the first optical element,

the control unit performing:

processing of obtaining an initial value of a
setting value of the second optical element
based on previous setting values of the sec-
ond optical element which are stored in the
storage unit; and

processing of changing a state of the
charged particle beam by changing the set-
ting value of the second optical element
from the obtained initial value and obtaining
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the setting value of the second optical ele-
ment based on the change in the state of
the charged particle beam.

According to a second aspect of the inven-
tion, there is provided a control method of
an optical system of a charged particle
beam device which includes: acharged par-
ticle source; an optical system which acts
on a charged particle beam emitted from
the charged particle source; and a storage
unit which stores previous setting values of
the optical system, the optical system in-
cluding a first optical element and a second
optical element for controlling a state of the
charged particle beam to be incident on the
first optical element,

the control method including:

obtaining aninitial value of a setting val-
ue of the second optical element based
on previous setting values of the sec-
ond optical element which are stored in
the storage unit; and

changing a state of the charged particle
beam by changing the setting value of
the second optical element from the ob-
tained initial value and obtaining the
setting value of the second optical ele-
ment based on the change in the state
of the charged particle beam.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF
THE DRAWING

[0006]

FIG. 1 is a diagram illustrating a configuration of an
electron microscope according to a first embodi-
ment.

FIG. 2 is a flow chart illustrating an example of opti-
mization processing of an incidence position.

FIG. 3 is a diagram for explaining an operation of an
optical system during optimization processing of an
incidence position.

FIG. 4 is a diagram for explaining an operation of an
optical system during optimization processing of an
incidence position.

FIG. 5 is a diagram for explaining an operation of an
optical system during optimization processing of an
incidence position.

FIG. 6 is adiagram for explaining a calculation meth-
od of aninitial value H1 and an amount of change AH.
FIG. 7 is adiagram for explaining a calculation meth-
od of the initial value H1 and the amount of change
AH.

FIG. 8 is adiagram for explaining a calculation meth-
od of a setting value HO.

FIG.9is adiagram for explaining a calculation meth-



3 EP 3 731 256 A1 4

od of the setting value HO.

FIG. 10 is a diagram for explaining a calculation
method of the setting value HO.

FIG. 11 is a flow chart illustrating an example of op-
timization processing of an incidence angle.

FIG. 12 is a diagram for explaining an operation of
an optical system during optimization processing of
an incidence angle.

FIG. 13 is a diagram for explaining an operation of
an optical system during optimization processing of
an incidence angle.

FIG. 14 is a diagram for explaining an operation of
an optical system during optimization processing of
an incidence angle.

FIG. 15 is a diagram for explaining a calculation
method of an initial value D1 and an amount of
change AD.

FIG. 16 is adiagram illustrating a configuration of an
electron microscope according to a third embodi-
ment.

FIG. 17 is a flow chart illustrating an example of op-
timization processing of an illumination angle.

FIG. 18 is a diagram for explaining an operation of
an optical system during optimization processing of
an illumination angle.

FIG. 19 is a diagram for explaining an operation of
an optical system during optimization processing of
an illumination angle.

FIG. 20 is a diagram for explaining an operation of
an optical system during optimization processing of
an illumination angle.

FIG. 21 is a diagram for explaining a calculation
method of an initial value 11 and an amount of change
Al

FIG. 22 is a diagram for explaining a calculation
method of a setting value 10.

FIG. 23 is a diagram for explaining a calculation
method of the setting value 10.

FIG. 24 is a diagram for explaining a calculation
method of the setting value 10.

DETAILED DESCRIPTION OF THE EMBODIMENT

[0007]

(1) According to an embodiment of the invention,
there is provided a charged particle beam device in-
cluding:

a charged particle source;

an optical system which acts on a charged par-
ticle beam emitted from the charged particle
source;

a control unit which controls the optical system;
and

a storage unit which stores previous setting val-
ues of the optical system,

the optical system including:
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a first optical element; and

a second optical element for controlling a
state of the charged particle beam to be in-
cident on the first optical element,

the control unit performing:

processing of obtaining an initial value
of a setting value of the second optical
element based on previous setting val-
ues of the second optical element
which are stored in the storage unit; and
processing of changing a state of the
charged particle beam by changing the
setting value of the second optical ele-
ment from the obtained initial value and
obtaining the setting value of the sec-
ond optical element based on the
change in the state of the charged par-
ticle beam.

With such a charged particle beam de-
vice, since the control unit obtains the
initial value of the setting value of the
second optical element based on pre-
vious setting values of the second op-
tical element which are stored in the
storage unit, an adjustment of the sec-
ond optical element can be accurately
performed in a short period of time.

(2) According to an embodiment of the invention,
there is provided a control method of an optical sys-
tem of a charged particle beam device which in-
cludes: a charged particle source; an optical system
which acts on a charged particle beam emitted from
the charged particle source; and a storage unitwhich
stores previous setting values of the optical system,
the optical system including a first optical element
and a second optical element for controlling a state
of the charged particle beam to be incident on the
first optical element,

the control method including:

obtaining an initial value of a setting value of the
second optical element based on previous set-
ting values of the second optical element which
are stored in the storage unit; and

changing a state of the charged particle beam
by changing the setting value of the second op-
tical element from the obtained initial value and
obtaining the setting value of the second optical
element based on the change in the state of the
charged particle beam.

[0008] With such a control method of an optical system
of a charged particle beam device, since the initial value
of the setting value of the second optical element is ob-
tained based on previous setting values of the second
optical element which are stored in the storage unit, an
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adjustment of the second optical element can be accu-
rately performed in a short period of time.

[0009] Preferred embodiments of the invention are de-
scribed in detail below with reference to the drawings.
Note that the following embodiments do not unduly limit
the scope of the invention as stated in the claims. In ad-
dition, all of the elements described below are not nec-
essarily essential requirements of the invention.

[0010] Furthermore, while the charged particle beam
device according to the invention will be described below
using an electron microscope that performs an observa-
tion and an analysis of a specimen by illuminating the
specimen with an electron beam as an example, the
charged particle beam device according to the invention
may be an apparatus that performs an observation and
an analysis of a specimen by irradiating a charged par-
ticle beam (such as an ion beam) other than an electron
beam. Examples of such a charged particle beam device
include a transmission electron microscope, a scanning
transmission electron microscope, a scanning electron
microscope, and a focused ion-beam device.

1. First Embodiment
1.1. Configuration of Electron Microscope

[0011] First, an electron microscope according to afirst
embodiment will be described with reference to the draw-
ings. FIG. 1 is a diagram illustrating a configuration of an
electron microscope 100 according to the first embodi-
ment.

[0012] Asillustrated in FIG. 1, the electron microscope
100 includes an electron source 10 which is an example
of the charged particle source, an optical system 20, a
detector 30, a control unit 40, and a storage unit 50.
[0013] The electron source 10 generates electron
beams. The electron source 10 is, for example, an elec-
tron gun which accelerates electrons emitted from a cath-
ode by an anode and which emits the accelerated elec-
trons as an electron beam.

[0014] The optical system 20 acts on an electron beam
emitted from the electron source 10. The optical system
20 includes a multi-stage deflector 22, an illumination
lens system 24, and an imaging lens system 26. It should
be noted that the illumination lens system 24 is an ex-
ample of the first optical element and the multi-stage de-
flector 22 is an example of the second optical element.
[0015] The multi-stage deflector 22 causes an electron
beam emitted from the electron source 10 to be deflected
two-dimensionally. In the illustrated example, the multi-
stage deflector 22 is constituted by two deflection coils
arranged along an optical axis. It should be noted that,
alternatively, the multi-stage deflector 22 may be consti-
tuted by three or more deflection coils arranged along
the optical axis.

[0016] The multi-stage deflector 22 is used in order to
control a state of an electron beam to be incident on the
illumination lens system 24. Specifically, the multi-stage
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deflector 22 is used in order to control an incidence po-
sition of an electron beam with respect to the illumination
lens system 24 and an incidence angle of the electron
beam with respect to an optical axis of the illumination
lens system 24.

[0017] The illumination lens system 24 causes the
electron beam emitted from the electron source 10 to
converge and illuminates a specimen S with the con-
verged electron beam. The illumination lens system 24
is a multi-stage lens system. In the illustrated example,
the illumination lens system 24 is constituted by two illu-
mination lenses arranged along an optical axis. In other
words, the illumination lens system 24 is a two-stage lens
system. It should be noted that, alternatively, the illumi-
nation lens system 24 may be constituted by three or
more illumination lenses arranged along the optical axis.
[0018] Although not illustrated, the electron micro-
scope 100 is equipped with a specimen stage for holding
the specimen S. The specimen S can be positioned by
the specimen stage.

[0019] The imaging lens system 26 forms a transmis-
sion electron microscope image (a TEM image) with elec-
trons having been transmitted through the specimen S.
The detector 30 photographs a TEM image formed by
the imaging lens system 26. For example, the detector
30 is a digital camera such as a charge coupled device
(CCD) camera. The TEM image photographed by the
detector 30 is sent to the control unit 40 and stored in the
storage unit 50.

[0020] The control unit40 controls the electron source
10, the optical system 20, and the detector 30. As will be
described later, the control unit 40 performs: processing
of obtaining an initial value of a setting value of the multi-
stage deflector 22; and processing of changing a state
of an electron beam by changing a setting value of the
multi-stage deflector 22 from the initial value and obtain-
ing a setting value of the multi-stage deflector 22 based
on the change in the state of the electron beam. In the
first embodiment, the state of the electron beam refers
to anincidence position of the electron beam with respect
to the illumination lens system 24. In other words, the
control unit 40 performs processing of controlling the in-
cidence position of the electron beam with respect to the
illumination lens system 24. Details of the processing per-
formed by the control unit 40 will be described later.
[0021] Functions of the control unit 40 can be realized
by, for example, having various processors (a central
processing unit (CPU) and the like) execute programs.
Alternatively, at least a part of the functions of the control
unit 40 may be realized by a dedicated circuit.

[0022] The storage unit 50 serves as a work area for
the control unit 40, and functions thereof can be realized
by arandom access memory (RAM), aread only memory
(ROM), a hard disk, or the like. The storage unit 50 stores
programs, data, and the like that enable the control unit
40 to perform various control processes and calculation
processes. In addition, the storage unit 50 is also used
to temporarily store results of calculations and the like



7 EP 3 731 256 A1 8

performed by the control unit 40 according to various
programs. The storage unit 50 stores previous setting
values of the optical system 20.

1.2. Control Method of Optical System

[0023] Next, a control method of the optical system of
the electron microscope 100 according to the first em-
bodiment will be described.

1.2.1. Optimization Processing of Incidence Position

[0024] In the electron microscope 100, the optical sys-
tem 20 is controlled by the control unit 40. Hereinafter,
processing will be described in which the control unit 40
controls the multi-stage deflector 22 so that an incidence
position of an electron beam with respect to the illumina-
tion lens system 24 assumes an optimal position. Here-
inafter, this processing will also be referred to as optimi-
zation processing of an incidence position.

[0025] When an electron beam is incident on a center
of the illumination lens system 24 along an optical axis,
a position of the electron beam having passed through
the illumination lens system 24 does not change even if
a setting value of the illumination lens system 24 is
changed. Therefore, an optimal incidence position is an
incidence position where a change in a position of an
electron beam having passed through the illumination
lens system 24 is minimized even if the setting value of
the illumination lens system 24 is changed.

[0026] FIG. 2 is a flow chart illustrating an example of
the optimization processing of an incidence position.
FIGS. 3 to 5 are diagrams for explaining an operation of
the optical system 20 during the optimization processing
of an incidence position. It should be noted that, in FIGS.
3 to 5, only the electron source 10, the multi-stage de-
flector 22, the illumination lens system 24, and the spec-
imen S are illustrated for the sake of brevity.

[0027] The control unit 40 determines whether or not
a user has issued an instruction (a start instruction) to
start the optimization processing of an incidence position
(S100). For example, the control unit 40 determines that
the user has issued a start instruction when a press op-
eration of a start button for issuing an instruction to start
the optimization processing of an incidence position is
performed or when a start instruction is input from an
input device or the like.

[0028] When it is determined that the start instruction
has been issued (Yes in S100), the control unit 40 cal-
culates an initial value H1 of a setting value Hn of the
multi-stage deflector 22 and an amount of change AH of
the setting value Hn of the multi-stage deflector 22
(S102). The setting value Hn of the multi-stage deflector
22 is a value that controls the incidence position of an
electron beam with respect to the illumination lens sys-
tem 24. A calculation method of the initial value H1 and
the amount of change AH will be described later.
[0029] Next, the control unit 40 sets the setting value
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of the multi-stage deflector 22 to the initial value H1 and
obtains a first amount of change AP1 which is an amount
of change of the position of the electron beam having
passed through the illumination lens system 24 when the
setting value of the illumination lens system 24 is
changed (S106 to S116).

[0030] Specifically, first, assuming that n = 1 is true
(S104), the control unit 40 sets the setting value of the
multi-stage deflector 22 to the initial value H1 (S106). As
the initial value H1, the value calculated in the processing
of step S102 is used.

[0031] Next, the control unit 40 sets the setting value
of the illumination lens system 24 to a setting value S 1
(S108). The setting value S 1 is, for example, a value
that maximizes a beam diameter of the electron beam
on the specimen S. In a state where the setting value of
the multi-stage deflector 22 is set to the initial value H1
and the setting value of the illumination lens system 24
is setto the setting value S 1, the control unit40 measures
a position Pa of the electron beam on the specimen S as
illustrated in FIG. 3 (S110). For example, the control unit
40 acquires a TEM image photographed by the detector
30 and measures the position Pa from the acquired TEM
image.

[0032] Next, the control unit 40 sets the setting value
of the illumination lens system 24 to a setting value S2
(S112). The setting value S2 is expressed as S2 = S1 +
AS. The setting value S2 is, for example, a value that
minimizes the beam diameter of the electron beam on
the specimen S. In a state where the setting value of the
multi-stage deflector 22 is set to the initial value H1 and
the setting value of the illumination lens system 24 is set
to the setting value S2, the control unit 40 measures a
position Pb of the electron beam on the specimen S as
illustrated in FIG. 3 (S114). For example, the control unit
40 acquires a TEM image photographed by the detector
30 and measures the position Pb from the acquired TEM
image.

[0033] Next, the control unit 40 calculates the first
amount of change AP1 = Pb - Pa (S116). According to
the steps described above, the first amount of change
AP1 can be obtained.

[0034] Next, the control unit 40 determines whether or
not n = 3 is true (S118), and when it is determined that
n = 3 is false (No in S118), the control unit 40 assumes
that n = n + 1 is true (S120) and returns to step S106.
Subsequently, the control unit 40 sets the setting value
of the multi-stage deflector 22 to a setting value H2 which
represents a change by the amount of change AH from
the initial value H1 and obtains a second amount of
change AP2 which is an amount of change of the position
of the electron beam having passed through the illumi-
nation lens system 24 when the setting value of the illu-
mination lens system 24 is changed (S106 to S116).
[0035] Specifically, first, the control unit40 sets the set-
ting value of the multi-stage deflector 22 to the setting
value H2 (S 106). The setting value H2 is a value as a
result of changing the initial value H1 by the amount of
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change AH obtained in step S102. For example, H2 = H1
+ AH. By having the control unit 40 change the setting
value ofthe multi-stage deflector 22 from the setting value
H1 to the setting value H2, the incidence position of the
electron beam with respect to the illumination lens sys-
tem 24 changes.

[0036] Next, the control unit 40 sets the setting value
of the illumination lens system 24 to the setting value S1
(S 108). In a state where the setting value of the multi-
stage deflector 22 is set to the setting value H2 and the
setting value of the illumination lens system 24 is set to
the setting value S1, the control unit 40 measures the
position Pa of the electron beam on the specimen S as
illustrated in FIG. 4 (S110).

[0037] Next, the control unit 40 sets the setting value
of the illumination lens system 24 to the setting value S2
(S 112). In a state where the setting value of the multi-
stage deflector 22 is set to the setting value H2 and the
setting value of the illumination lens system 24 is set to
the setting value S2, the control unit 40 measures the
position Pb of the electron beam on the specimen S as
illustrated in FIG. 4 (S114).

[0038] Next, the control unit 40 calculates the second
amount of change AP2 = Pb - Pa (S116). According to
the steps described above, the second amount of change
AP2 can be obtained.

[0039] Next, the control unit 40 determines whether or
not n = 3 is true (S 118), and when it is determined that
n = 3 is false (No in S 118), the control unit 40 assumes
that n = n + 1 is true (S120) and returns to step S106.
Subsequently, the control unit 40 sets the setting value
of the multi-stage deflector 22 to a setting value H3 which
represents a change by the amount of change AH from
the initial value H1 and obtains a third amount of change
AP3 which is an amount of change of the position of the
electron beam having passed through the illumination
lens system 24 when the setting value of the illumination
lens system 24 is changed (S106 to S116).

[0040] Specifically, first, the control unit 40 sets the set-
ting value of the multi-stage deflector 22 to the setting
value H3 (S 106). The setting value H3 is a value as a
result of changing the initial value H1 by the amount of
change AH obtained in step S102. For example, H3 = H1
- AH. By having the control unit 40 change the setting
value ofthe multi-stage deflector 22 from the setting value
H2 to the setting value H3, the incidence position of the
electron beam with respect to the illumination lens sys-
tem 24 changes.

[0041] Next, the control unit 40 sets the setting value
of the illumination lens system 24 to the setting value S1
(S 108). In a state where the setting value of the multi-
stage deflector 22 is set to the setting value H3 and the
setting value of the illumination lens system 24 is set to
the setting value S1, the control unit 40 measures the
position Pa of the electron beam on the specimen S as
illustrated in FIG. 5 (S110).

[0042] Next, the control unit 40 sets the setting value
of the illumination lens system 24 to the setting value S2
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(S 112). In a state where the setting value of the multi-
stage deflector 22 is set to the setting value H3 and the
setting value of the illumination lens system 24 is set to
the setting value S2, the control unit 40 measures the
position Pb of the electron beam on the specimen S as
illustrated in FIG. 5 (S114).

[0043] Next, the control unit 40 calculates the third
amount of change AP3 = Pb - Pa (S 116). According to
the steps described above, the third amount of change
AP3 can be obtained.

[0044] The control unit 40 determines whether or not
n = 3 is true (S 118), and when it is determined that n =
3istrue (Yesin S118), the control unit40 obtains a setting
value HO of the multi-stage deflector 22 at which an
amount of change of the position of the electron beam
having passed through the illumination lens system 24
becomes zero when the setting value of the illumination
lens system 24 is changed based on the first amount of
change AP1, the second amount of change AP2, and the
third amount of change AP3 (S 122). A calculation meth-
od of the setting value HO will be described later.
[0045] The control unit 40 sets the setting value of the
multi-stage deflector 22 to the setting value HO obtained
in step S122 (S 124). Subsequently, the control unit 40
ends the processing.

1.2.2. Calculation of Initial Value H1 and Amount of
Change AH

[0046] Next, a calculation method of the initial value
H1 and the amount of change AH in step S102 will be
described.

[0047] The control unit 40 obtains the initial value H1
and the amount of change AH based on previous setting
values of the multi-stage deflector 22 which are stored
in the storage unit 50. FIG. 6 is a diagram for explaining
the calculation method of the initial value H1 and the
amount of change AH. An abscissa of a graph in FIG. 6
represents a time point T and an ordinate of the graph
represents the setting value HO of the multi-stage deflec-
tor 22.

[0048] The control unit 40 causes the storage unit 50
to store a setting value of the multi-stage deflector 22 at
set time intervals. In addition, the control unit 40 causes
the storage unit 50 to store, together with the setting val-
ue, a time point at which the setting value had been
stored. In the example in FIG. 6, the setting value HO of
the multi-stage deflector 22 is stored in the storage unit
50 at a time interval AT. Specifically, the setting values
HO at a time point T, a time point T, a time point T5, a
time point T, a time point Ts, a time point Tg, and a time
point T; are stored in the storage unit50. The time interval
AT can be arbitrarily set. For example, the time interval
AT may be 24 hours or 168 hours.

[0049] For example, the control unit 40 reads the set-
ting values HO stored in the storage unit 50, calculates a
time average HT of the setting values HO, and adopts
the calculated time average HT as the initial value H1.
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In other words, H1 = HT. In this manner, the setting value
HO at a present time point Tnow is estimated from pre-
vious setting values HO to determine the initial value H1.
In addition, for example, the control unit 40 calculates a
standard deviation o of the setting values HO and adopts
the calculated standard deviation ¢ as the amount of
change AH. In other words, AH = o. In this manner, a
variation in the setting value HO is estimated from a var-
iation in previous setting values HO to determine the
amount of change AH.

[0050] While a case where the control unit 40 causes
the storage unit 50 to store the time point T and the setting
value HO at the time point T at a time interval AT has
been explained in the example described above, a timing
at which the storage unit 50 is caused to store the time
point T and the setting value HO is not limited thereto.
[0051] Forexample, as illustrated in FIG. 7, the control
unit 40 need not cause the storage unit 50 to store the
time point T and the setting value HO at constant time
intervals. For example, after the optimization processing
of an incidence position illustrated in FIG. 2 is finished,
the control unit 40 may cause the storage unit 50 to store
the setting value HO obtained in the processing. In other
words, the control unit 40 causes the storage unit 50 to
store the setting value HO at a timing where the optimi-
zation processing of an incidence position is finished. For
example, the control unit 40 causes the storage unit 50
to store the setting value HO as soon as the optimization
processing of an incidence position is finished.

[0052] Alternatively, the control unit 40 may cause the
storage unit 50 to store the time point T and the setting
value HO atthe time interval AT and, after the optimization
processing of anincidence position is finished, the control
unit 40 may cause the storage unit 50 to store the time
point T and the setting value HO obtained in the process-

ing.
1.2.3. Calculation Method of Setting Value HO

[0053] Next, a calculation method of the setting value
HO in step S122 will be described.

[0054] FIGS. 8to 10 are diagrams for explaining a cal-
culation method of the setting value HO.

[0055] The setting value H1, the setting value H2, and
the setting value H3 and the first amount of change AP1,
the second amount of change AP2, and the third amount
of change AP3 are in a linear relationship. Therefore, a
relational expression is obtained from these values to
obtain the setting value HO of the multi-stage deflector
22 at which an amount of change AP of the position of
the electron beam having passed through the illumination
lens system 24 becomes zero when the setting value of
the illumination lens system 24 is changed.

[0056] Forexample,first,a1, a2, b1, and b2 expressed
by the following equations are obtained.
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al = (AP2 - AP1)/(H2 - H1)

a2 = (AP3 - AP2)/(H3 - H2)

bl = (H2 x AP1 - H1 x AP2)/(H2 - H1)

b2 = (H3 x AP2 - H2 x AP3)/(H3 - H2)

[0057] In this case, as illustrated in FIG. 8, when a1 =
a2, the setting value HO is obtained by the following equa-
tion.

HO = |b1/al|

[0058] In addition, as illustrated in FIG. 9, when |a1]| >
|a2|, the setting value HO is obtained by the following
equation.

HO = [bl/al|

[0059] In addition, as illustrated in FIG. 10, when |a1|
< |a2|, the setting value HO is obtained by the following
equation.

HO = [b2/a2)|

[0060] It should be noted that the calculation method
of the setting value HO is not limited to the example de-
scribed above.

[0061] Forexample, while the setting value of the multi-
stage deflector 22 is changed such that H1, H2 = H1 +
AH, and H3 = H1 - AH in the example described above,
the setting value of the multi-stage deflector 22 may be
changed such that H1, H2 = H1 + AH, and H3 = H1 + 2
X AH. Alternatively, for example, the setting value of the
multi-stage deflector 22 may be changed such that H1,
H2 =H1- AH, and H3 = H1 - 2 X AH.

[0062] In addition, while the setting value HO is ob-
tained by obtaining a relational expression from the three
points of the first amount of change AP1, the second
amount of change AP2, and the third amount of change
AP3 in the example described above, for example, the
setting value HO may be obtained by obtaining a relational
expression from two points or the setting value HO may
be obtained by obtaining a relational expression fromfour
or more points.

1.3. Effects

[0063] For example, the electron microscope 100 has
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the following effects.

[0064] In the electron microscope 100, the control unit
40 performs: processing of obtaining the initial value H1
of a setting value of the multi-stage deflector 22; and
processing of changing a state of an electron beam by
changing a setting value of the multi-stage deflector 22
from the initial value H1 and obtaining a setting value of
the multi-stage deflector 22 based on the change in the
state of the electron beam. In addition, in the processing
of obtaining the initial value H1 of the setting value of the
multi-stage deflector 22, the control unit 40 obtains the
initial value H1 based on previous setting values of the
multi-stage deflector 22 which are stored in the storage
unit 50.

[0065] In this manner, since the control unit 40 obtains
the initial value H1 in optimization processing of an inci-
dence position based on previous setting values of the
multi-stage deflector 22, a setting value estimated from
previous setting values can be adopted as the initial value
H1. Therefore, with the electron microscope 100, an ad-
justment of the multi-stage deflector 22 can be accurately
performed in a short period of time. Furthermore, in the
electron microscope 100, since the control unit 40 per-
forms the optimization processing of an incidence posi-
tion, an observation and an analysis can be performed
atan optimal incidence position of an electron beam with-
out the user having to perform an adjustment. In addition,
for example, when the user manually performs an ad-
justment of the multi-stage deflector 22, a variation may
occur among settings due to the user’s skill. By compar-
ison, in the electron microscope 100, a variation among
settings due to the user’s skill does not occur.

[0066] In the electron microscope 100, the initial value
H1 is a time average of previous setting values of the
multi-stage deflector 22 which are stored in the storage
unit 50. Therefore, with the electron microscope 100, an
adjustment of the multi-stage deflector 22 can be accu-
rately performed in a short period of time.

[0067] In the electron microscope 100, the control unit
40 performs processing of obtaining the amount of
change AH from the initial value H1, and in the processing
of obtaining a setting value of the multi-stage deflector
22, the setting value of the multi-stage deflector 22 is
changed from the initial value H1 by the obtained amount
of change AH. In addition, in the processing of obtaining
the amount of change AH, the control unit 40 obtains the
amount of change AH based on previous setting values
of the multi-stage deflector 22 which are stored in the
storage unit 50. Furthermore, the amount of change AH
is a standard deviation of previous setting values of the
multi-stage deflector 22 which are stored in the storage
unit 50. As a result, the amount of change AH can be
obtained from a variation in the setting value as predicted
from the variation in previous setting values. Therefore,
with the electron microscope 100, an adjustment of the
multi-stage deflector 22 can be accurately performed in
a short period of time.

[0068] In the electron microscope 100, the control unit
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40 causes the storage unit 50 to store a setting value of
the multi-stage deflector 22 at set time intervals. As a
result, a change over time of the setting value of the multi-
stage deflector 22 can be stored. Therefore, with the elec-
tron microscope 100, an adjustment of the multi-stage
deflector 22 can be accurately performedin a short period
of time.

[0069] Inthe electron microscope 100, after the control
unit 40 performs the processing of obtaining the setting
value of the multi-stage deflector 22, the control unit 40
causes the storage unit 50 to store the obtained setting
value of the multi-stage deflector 22. Therefore, the stor-
age unit 50 can be caused to store a change over time
of the setting value of the multi-stage deflector 22. In
addition, the storage unit 50 can be caused to store a
setting value in a state where an incidence position of an
electron beam has been further optimized.

2. Second Embodiment
2.1. Electron Microscope

[0070] Next, an electron microscope according to a
second embodiment will be described. A configuration
of the electron microscope according to the second em-
bodiment is the same as the configuration of the electron
microscope 100 according to the first embodiment illus-
trated in FIG. 1 and, therefore, a description thereof will
be omitted.

2.2. Control Method of Optical System

[0071] Next, a control method of an optical system of
the electron microscope according to the second embod-
iment will be described. The following description will fo-
cus on points that differ from the example of the control
method of the optical system of the electron microscope
according to the first embodiment described above, and
a description of similar points will be omitted.

2.2.1. Optimization Process of Incidence Angle

[0072] In the first embodiment described above,
processing has been described in which a setting value
of the multi-stage deflector 22 is a value that controls an
incidence position of an electron beam with respect to
the illumination lens system 24 and the control unit 40
controls the multi-stage deflector 22 so that the incidence
position of the electron beam with respect to the illumi-
nation lens system 24 assumes an optimal position.

[0073] Incontrast,inthe second embodiment, a setting
value of the multi-stage deflector 22 is a value that con-
trols an incidence angle of an electron beam with respect
to an optical axis of the illumination lens system 24 and
the control unit 40 performs processing of controlling the
multi-stage deflector 22 so that the incidence angle of
the electron beam with respect to the illumination lens
system 24 assumes an optimal incidence angle. Herein-
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after, this processing will also be referred to as optimiza-
tion processing of an incidence angle.

[0074] In this case, an optimal incidence angle is an
incidence angle where a change in a position of an elec-
tron beam having passed through the illumination lens
system 24 is minimized even if the setting value of the
illumination lens system 24 is changed.

[0075] FIG. 11 is a flow chart illustrating an example
of the optimization processing of an incidence angle.
FIGS. 12 to 14 are diagrams for explaining an operation
of the optical system 20 during the optimization process-
ing ofanincidence angle. It should be noted that, in FIGS.
12 to 14, only the electron source 10, the multi-stage
deflector 22, the illumination lens system 24, and the
specimen S are illustrated for the sake of brevity.
[0076] The control unit 40 determines whether or not
the user has issued an instruction to start optimization
processing of an incidence angle (S200).

[0077] When it is determined that a start instruction
has been issued (Yes in S200), the control unit 40 cal-
culates an initial value D1 of a setting value Dn of the
multi-stage deflector 22 and an amount of change AD of
the setting value Dn of the multi-stage deflector 22
(S202). The setting value Dn of the multi-stage deflector
22 is avalue that controls the incidence angle of the elec-
tron beam with respect to an optical axis of the illumina-
tion lens system 24. A calculation method of the initial
value D1 and the amount of change AD will be described
later.

[0078] Next, the control unit 40 sets the setting value
of the multi-stage deflector 22 to the initial value D1 and
obtains the first amount of change AP1 which is an
amount of change of the position of the electron beam
having passed through the illumination lens system 24
when the setting value of the illumination lens system 24
is changed (S206 to S216).

[0079] Specifically, first, assuming that n = 1 is true
(S204), the control unit 40 sets the setting value of the
multi-stage deflector 22 to the initial value D1 (S206). As
the initial value D1, the value calculated in the processing
of step S202 is used.

[0080] Next, the control unit 40 sets the setting value
of the illumination lens system 24 to the setting value S1
(S208). In a state where the setting value of the multi-
stage deflector 22 is set to the initial value D1 and the
setting value of the illumination lens system 24 is set to
the setting value S1, the control unit 40 measures the
position Pa of the electron beam on the specimen S as
illustrated in FIG. 12 (S210).

[0081] Next, the control unit 40 sets the setting value
of the illumination lens system 24 to the setting value S2
(8212). In a state where the setting value of the multi-
stage deflector 22 is set to the initial value D1 and the
setting value of the illumination lens system 24 is set to
the setting value S2, the control unit 40 measures the
position Pb of the electron beam on the specimen S as
illustrated in FIG. 12 (S214).

[0082] Next, the control unit 40 calculates the first
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amount of change AP1 = Pb - Pa (S216). According to
the steps described above, the first amount of change
AP1 can be obtained.

[0083] Next, the control unit 40 determines whether or
not n = 3 is true (S218), and when it is determined that
n = 3 is false (No in S218), the control unit 40 assumes
that n = n + 1 is true (S220) and returns to step S206.
Subsequently, the control unit 40 sets the setting value
of the multi-stage deflector 22 to the setting value D2
which represents a change by the amount of change AD
from the initial value D1 and obtains the second amount
of change AP2 which is an amount of change of the po-
sition of the electron beam having passed through the
illumination lens system 24 when the setting value of the
illumination lens system 24 is changed (S206 to S216).
[0084] Specifically, first, the control unit40 sets the set-
ting value of the multi-stage deflector 22 to the setting
value D2 (S206). The setting value D2 is a value as a
result of changing the initial value D1 by the amount of
change AD obtained in step S202. For example, D2 = D1
+ AD. By having the control unit 40 change the setting
value of the multi-stage deflector 22 from the setting value
D1 to the setting value D2, the incidence angle of the
electron beam with respect to the optical axis of the illu-
mination lens system 24 changes.

[0085] Next, the control unit 40 sets the setting value
of the illumination lens system 24 to the setting value S1
(S208). In a state where the setting value of the multi-
stage deflector 22 is set to the setting value D2 and the
setting value of the illumination lens system 24 is set to
the setting value S1, the control unit 40 measures the
position Pa of the electron beam on the specimen S as
illustrated in FIG. 13 (S210).

[0086] Next, the control unit 40 sets the setting value
of the illumination lens system 24 to the setting value S2
(S212). In a state where the setting value of the multi-
stage deflector 22 is set to the setting value D2 and the
setting value of the illumination lens system 24 is set to
the setting value S2, the control unit 40 measures the
position Pb of the electron beam on the specimen S as
illustrated in FIG. 13 (S214).

[0087] Next, the control unit 40 calculates the second
amount of change AP2 = Pb - Pa (S216). According to
the steps described above, the second amount of change
AP2 can be obtained.

[0088] Next, the control unit 40 determines whether or
not n = 3 is true (S218), and when it is determined that
n = 3 is false (No in S218), the control unit 40 assumes
that n = n + 1 is true (S220) and returns to step S206.
Subsequently, the control unit 40 sets the setting value
of the multi-stage deflector 22 to a setting value D3 which
represents a change by the amount of change AD from
the initial value D1 and obtains the third amount of change
AP3 which is an amount of change of the position of the
electron beam having passed through the illumination
lens system 24 when the setting value of the illumination
lens system 24 is changed (S206 to S216).

[0089] Specifically, first, the control unit40 sets the set-
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ting value of the multi-stage deflector 22 to the setting
value D3 (S206). The setting value D3 is a value as a
result of changing the initial value D1 by the amount of
change AD obtained in step S202. For example, D3 = D1
+ AD. By having the control unit 40 change the setting
value ofthe multi-stage deflector 22 from the setting value
H2 to the setting value H3, the incidence position of the
electron beam with respect to the illumination lens sys-
tem 24 changes.

[0090] Next, the control unit 40 sets the setting value
of the illumination lens system 24 to the setting value S1
(S208). In a state where the setting value of the multi-
stage deflector 22 is set to the setting value D3 and the
setting value of the illumination lens system 24 is set to
the setting value S1, the control unit 40 measures the
position Pa of the electron beam on the specimen S as
illustrated in FIG. 14 (S210).

[0091] Next, the control unit 40 sets the setting value
of the illumination lens system 24 to the setting value S2
(S212). In a state where the setting value of the multi-
stage deflector 22 is set to the setting value D3 and the
setting value of the illumination lens system 24 is set to
the setting value S2, the control unit 40 measures the
position Pb of the electron beam on the specimen S as
illustrated in FIG. 14 (S214).

[0092] Next, the control unit 40 calculates the third
amount of change AP3 = Pb - Pa (S216). According to
the steps described above, the third amount of change
AP3 can be obtained.

[0093] The control unit 40 determines whether or not
n = 3 is true (S218), and when it is determined that n =
3istrue (Yesin S218), the control unit40 obtains a setting
value DO of the multi-stage deflector 22 at which an
amount of change of the position of the electron beam
having passed through the illumination lens system 24
becomes zero when the setting value of the illumination
lens system 24 is changed based on the first amount of
change AP1, the second amount of change AP2, and the
third amount of change AP3 (S222). A calculation method
of the setting value DO will be described later.

[0094] The control unit 40 sets the setting value of the
multi-stage deflector 22 to the setting value DO deter-
mined in step S222 (S224). Subsequently, the control
unit 40 ends the processing.

2.2.2. Calculation of Initial Value D1 and Amount of
Change AD

[0095] Next, a calculation method of the initial value
D1 and the amount of change AD in step S202 will be
described. FIG. 15 is a diagram for explaining the calcu-
lation method of the initial value D1 and the amount of
change AD.

[0096] The calculation method of the initial value D1
and the amount of change AD is similar to the calculation
method of the initial value H1 and the amount of change
AH described above. Specifically, the control unit 40 ob-
tains the initial value D1 and the amount of change AD
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based on previous setting values of the multi-stage de-
flector 22 which are stored in the storage unit 50.
[0097] Forexample,the controlunit40 causes the stor-
age unit 50 to store the setting value DO of the multi-stage
deflector 22 at set time intervals as illustrated in FIG. 15.
In addition, the control unit 40 causes the storage unit 50
to store, together with the setting value DO, a time point
at which the setting value DO had been stored.

[0098] The control unit 40 reads the setting values DO
stored in the storage unit 50, calculates a time average
DT of the setting values DO, and adopts the calculated
time average DT as the initial value D1. In other words,
D1 =DT. In this manner, the setting value DO at a present
time point Tnow is estimated from previous setting values
DO to determine the initial value D1. In addition, for ex-
ample, the control unit 40 calculates a standard deviation
o of the setting values DO and adopts the calculated
standard deviation ¢ as the amount of change AD. In
other words, AD = o. In this manner, a variation in the
setting value DO is estimated from a variation in previous
setting values DO to determine the amount of change AD.

2.2.3. Calculation Method of Setting Value DO

[0099] Next, a calculation method of the setting value
DO in step S222 will be described.

[0100] The calculation method of the setting value DO
is similar to the calculation method of the setting value
HO described above. Specifically, taking advantage of
the fact that the setting value D1, the setting value D2,
and the setting value D3 and the first amount of change
AP1, the second amount of change AP2, and the third
amount of change AP3 are in a linear relationship, a re-
lational expression is obtained from these values. In ad-
dition, from the relational expression, the setting value
DO of the multi-stage deflector 22 is obtained at which
the amount of change AP becomes zero when the setting
value of the illumination lens system 24 is changed.
[0101] Forexample,first,a1,a2,b1, and b2 expressed
by the following equations are obtained.

al = (AP2 - AP1)(D2 - D1)
a2 = (AP3 - AP2)/(D3 - D2)
bl = (D2 x AP1 - D1 x AP2)/(D2 - D1)

b2 = (D3 x AP2 - D2 x AP3)/(D3 - D2)

[0102] Inthis case, when a1 = a2, the setting value DO
is obtained by the following equation.
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DO = |bl/al|

[0103] In addition, when |a1| > |a2]|, the setting value
DO is obtained by the following equation.

DO = |bl/al|

[0104] Furthermore, when |a1| <|aZ2], the setting value
DO is obtained by the following equation.

DO = [b2/a2)

2.3. Effects

[0105] For example, the electron microscope 100 ac-
cording to the second embodiment has the following ef-
fects.

[0106] With the electron microscope according to the
second embodiment, since the control unit 40 obtains
the initial value D1 and the amount of change AD in the
optimization processing of an incidence angle based on
previous setting values of the multi-stage deflector 22,
an adjustment of the multi-stage deflector 22 can be ac-
curately performed within a short period of time.

3. Third Embodiment
3.1 Electron Microscope

[0107] Next, an electron microscope according to a
third embodiment will be described with reference to the
drawings. FIG. 16 is a diagram illustrating a configuration
of an electron microscope 300 according to the third em-
bodiment. Hereinafter, in the electron microscope 300
according to the third embodiment, members having sim-
ilar functions to the components of the electron micro-
scope 100 according to the first embodiment will be de-
noted by same reference characters and a detailed de-
scription thereof will be omitted.

[0108] In the electron microscope 300, the illumination
lens system 24 has a dose adjustment lens 240 and an
illumination lens 242. It should be noted that the illumi-
nation lens 242 is an example of the first optical element
and the dose adjustment lens 240 is an example of the
second optical element.

[0109] The dose adjustment lens 240 is a lens for con-
trolling a dose of an electron beam with respect to the
specimen S by controlling an illumination angle of the
electron beam or, in other words, a divergence angle of
the electron beam. The illumination lens 242 is a lens for
illuminating the specimen S with the electron beam. For
example, the illumination lens 242 is arranged to the rear
of the dose adjustment lens 240. In the illustrated exam-
ple, the illumination lens 242 is arranged directly above
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1"

the specimen S.

[0110] For example, the dose adjustment lens 240 is
used to parallelly illuminate the specimen S with the elec-
tron beam. In other words, with the electron microscope
300, Koehler illumination can be realized by the dose
adjustment lens 240.

3.2. Control Method of Optical System

[0111] Next, a control method of an optical system of
an electron microscope according to the third embodi-
ment will be described. The following description will fo-
cus on points that differ from the example of the control
method of the optical system of the electron microscope
according to the first embodiment described above, and
a description of similar points will be omitted.

3.2.1. Optimization Process of lllumination Angle

[0112] In the electron microscope 300, the optical sys-
tem 20 is controlled by the control unit 40. Hereinafter,
processing will be described in which the control unit 40
controls the dose adjustment lens 240 so that an illumi-
nation angle of an electron beam which illuminates the
specimen S assumes an optimal angle. Hereinafter, this
processing will also be referred to as optimization
processing of an illumination angle.

[0113] The optimal illumination angle can be set to an
arbitrary angle. Hereinafter, a case will be described in
which the dose adjustment lens 240 is adjusted so that
an electron beam parallelly illuminates the specimen S.
[0114] FIG. 17 is a flow chart illustrating an example
of the optimization processing of an illumination angle.
FIGS. 18 to 20 are diagrams for explaining an operation
of the optical system 20 during the optimization process-
ing of an illumination angle. It should be noted that, in
FIGS. 18 to 20, only the electron source 10, the dose
adjustment lens 240, the illumination lens 242, the imag-
ing lens system 26, and the detector 30 are illustrated
for the sake of brevity.

[0115] The control unit 40 determines whether or not
the user has issued aninstruction to start the optimization
processing of an illumination angle (S300).

[0116] When it is determined that a start instruction
has been issued (Yes in S300), the control unit 40 cal-
culates an initial value 11 of a setting value In of the dose
adjustment lens 240 and an amount of change Al of the
setting value In of the dose adjustment lens 240 (S302).
The setting value In of the dose adjustment lens 240 is
a value that controls an illumination angle of an electron
beam. A calculation method of the initial value |1 and the
amount of change Al will be described later.

[0117] Next, the control unit 40 sets the setting value
of the dose adjustment lens 240 to the initial value 11 and
obtains a first amount of change AR1 which is an amount
of change of a beam diameter of the electron beam hav-
ing passed through the illumination lens 242 when the
setting value of the illumination lens 242 is changed
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(S306 to S316).

[0118] Specifically, first, assuming that n = 1 is true
(S304), the control unit 40 sets the setting value of the
dose adjustment lens 240 to the initial value |1 (S306).
As the initial value 11, the value calculated in the process-
ing of step S302 is used.

[0119] Next, the control unit 40 sets the setting value
of the illumination lens 242 to a setting value O1 (S308).
The setting value O1 can be set to an arbitrary value. In
a state where the setting value of the dose adjustment
lens 240 is set to the initial value |1 and the setting value
of the illumination lens 242 is set to the setting value O1,
the control unit 40 measures a beam diameter Ra of the
electron beam on the detector 30 as illustrated in FIG.
18 (S310). For example, the control unit 40 acquires a
TEM image photographed by the detector 30 and meas-
ures the beam diameter Ra from the acquired TEM im-
age.

[0120] Next, the control unit 40 sets the setting value
of the illumination lens 242 to a setting value 02 (S312).
The setting value O2 is expressed as 02 =01 + AO. The
amount of change AO can be set to an arbitrary value.
The setting value O2 is set to a value that differs from
the setting value O1. In a state where the setting value
of the dose adjustment lens 240 is set to the initial value
11 and the setting value of the illumination lens 242 is set
to the setting value O2, the control unit 40 measures a
beam diameter Rb of the electron beam on the detector
30 as illustrated in FIG. 18 (S314). For example, the con-
trol unit 40 acquires a TEM image photographed by the
detector 30 and measures the beam diameter Rb from
the acquired TEM image.

[0121] Next, the control unit 40 calculates a first
amount of change AR1 = Rb - Ra (S316). According to
the steps described above, the first amount of change
AR1 can be obtained.

[0122] Next, the control unit 40 determines whether or
not n = 3 is true (S318), and when it is determined that
n = 3 is false (No in S318), the control unit 40 assumes
that n =n + 1 is true (S320) and returns to step S306. In
addition, the control unit 40 sets the setting value of the
dose adjustment lens 240 to a setting value 12 which rep-
resents a change by the amount of change Al from the
initial value 11 and obtains a second amount of change
AR2 which is an amount of change of the beam diameter
of the electron beam having passed through the illumi-
nation lens 242 when the setting value of the illumination
lens 242 is changed (S306 to S316).

[0123] Specifically, first, the control unit 40 sets the set-
ting value of the dose adjustment lens 240 to the setting
value 12 (S306). The setting value 12 is a value as a result
of changing the initial value 11 by the amount of change
Al obtained in step S302. For example, 12 = 11 + Al. By
having the control unit 40 change the setting value of the
dose adjustment lens 240 from the setting value |1 to the
setting value 12, the illumination angle of the electron
beam changes.

[0124] Next, the control unit 40 sets the setting value

10

15

20

25

30

35

40

45

50

55

12

oftheilluminationlens 242 to the setting value O1(S308).
In a state where the setting value of the dose adjustment
lens 240 is set to the setting value 12 and the setting value
of the illumination lens 242 is set to the setting value O1,
the control unit 40 measures the beam diameter Ra of
the electron beam on the detector 30 as illustrated in FIG.
19 (S310).

[0125] Next, the control unit 40 sets the setting value
oftheilluminationlens 242 to the setting value 02 (S312).
In a state where the setting value of the dose adjustment
lens 240 is set to the setting value 12 and the setting value
of the illumination lens 242 is set to the setting value 02,
the control unit 40 measures the beam diameter Rb of
the electron beam on the detector 30 as illustrated in FIG.
19 (S314).

[0126] Next, the control unit 40 calculates a second
amount of change AR2 = Rb - Ra (S316). According to
the steps described above, the second amount of change
AR2 can be obtained.

[0127] Next, the control unit 40 determines whether or
not n = 3 is true (S318), and when it is determined that
n = 3 is false (No in S318), the control unit 40 assumes
thatn =n + 1 is true (S320) and returns to step S306. In
addition, the control unit 40 sets the setting value of the
dose adjustment lens 240 to a setting value I3 which rep-
resents a change by an amount of change Al from the
initial value 11 and obtains a third amount of change AR3
which is an amount of change of the beam diameter of
the electron beam having passed through the illumination
lens 242 when the setting value of the illumination lens
242 is changed (S306 to S316).

[0128] Specifically, first, the control unit40 sets the set-
ting value of the dose adjustment lens 240 to the setting
value 13 (S306). The setting value 13 is a value as a result
of changing the initial value 11 by the amount of change
Al obtained in step S302. For example, 13 = 11 - Al. By
having the control unit 40 change the setting value of the
dose adjustment lens 240 from the setting value 12 to the
setting value 13, the illumination angle of the electron
beam changes.

[0129] Next, the control unit 40 sets the setting value
oftheilluminationlens 242 to the setting value O1(S308).
In a state where the setting value of the dose adjustment
lens 240 is set to the setting value I3 and the setting value
of the illumination lens 242 is set to the setting value O1,
the control unit 40 measures the beam diameter Ra of
the electron beam on the detector 30 as illustrated in FIG.
20 (S310).

[0130] Next, the control unit 40 sets the setting value
oftheilluminationlens 242 to the setting value 02 (S312).
In a state where the setting value of the dose adjustment
lens 240 is set to the setting value I3 and the setting value
of the illumination lens 242 is set to the setting value 02,
the control unit 40 measures the beam diameter Rb of
the electron beam on the detector 30 as illustrated in FIG.
20 (S314).

[0131] Next, the control unit 40 calculates a third
amount of change AR3 = Rb - Ra (S316). According to
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the steps described above, the third amount of change
ARS3 can be obtained.

[0132] The control unit 40 determines whether or not
n = 3 is true (S318), and when it is determined that n =
3istrue (Yesin S318), the control unit40 obtains a setting
value 10 of the dose adjustment lens 240 at which an
amount of change of the beam diameter of the electron
beam having passed through the illumination lens 242
becomes zero when the setting value of the illumination
lens 242 is changed based on the first amount of change
AR1, the second amount of change AR2, and the third
amount of change AR3 (S322). A calculation method of
the setting value 10 will be described later.

[0133] The control unit 40 sets the setting value of the
dose adjustment lens 240 to the setting value 10 deter-
mined in step S322 (S324). Subsequently, the control
unit 40 ends the processing.

3.2.2. Calculation of Initial Value 11 and Amount of
Change Al

[0134] Next, a calculation method of the initial value 11
and the amount of change Al in step S302 will be de-
scribed. FIG. 21 is a diagram for explaining the calcula-
tion method of the initial value 11 and the amount of
change Al

[0135] The calculation method of the initial value |1 and
the amount of change Al is similar to the calculation meth-
od of the initial value H1 and the amount of change AH
described above. Specifically, the control unit 40 obtains
the initial value 11 and the amount of change Al based
on previous setting values of the dose adjustment lens
240 which are stored in the storage unit 50.

[0136] The control unit 40 causes the storage unit 50
to store a setting value of the dose adjustment lens 240
atsettime intervals. In addition, the control unit40 causes
the storage unit 50 to store, together with the setting value
10, a time point at which the setting value 10 had been
stored.

[0137] For example, the control unit 40 reads the set-
ting values 10 stored in the storage unit 50, calculates a
time average IT of the setting value 10, and adopts the
calculated time average IT as the initial value 11. In other
words, 11 = IT. In this manner, the setting value 10 at a
present time point Tnow is estimated from previous set-
ting values 10 to determine the initial value I1. In addition,
for example, the control unit 40 calculates a standard
deviation o of the setting values 10 and adopts the cal-
culated standard deviation ¢ as the amount of change
Al. In other words, Al = . In this manner, a variation in
the setting value 10 is estimated from a variation in pre-
vious setting values 10 to determine the amount of change
Al

3.2.3. Calculation Method of Setting Value 10

[0138] Next, a calculation method of the setting value
10 in step S322 will be described.
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[0139] FIGS. 22 to 24 are diagrams for explaining a
calculation method of the setting value 10.

[0140] The setting value 11, the setting value 12, and
the setting value I3 and the first amount of change AR1,
the second amount of change AR2, and the third amount
of change AR3 are in a linear relationship. Therefore, a
relational expression is obtained from these values to
obtain the setting value 10 of the dose adjustment lens
240 at which the amount of change AR of the beam di-
ameter of an electron beam having passed through the
illumination lens 242 becomes zero when the setting val-
ue of the illumination lens 242 is changed.

[0141] Forexample,first,a1,a2, b1, and b2 expressed
by the following equations are obtained.

al = (AR2 - ARD/(12 - 1)

a2 = (AR3 - AR2)/(I3 - I2)

bl = (12 X AR1 - I1 x AR2)/(I2 - 1)

b2 = (I3 X AR2 - 12 x AR3)/(I3 - I2)

[0142] In this case, as illustrated in FIG. 22, when a1
= a2, the setting value 10 is obtained by the following
equation.

10 = [b1/al|

[0143] In addition, as illustrated in FIG. 23, when |a1|
> |a2|, the setting value 10 is obtained by the following
equation.

10 = [b1/al|

[0144] In addition, as illustrated in FIG. 24, when |a1|
< |a2|, the setting value 10 is obtained by the following
equation.

10 = [b2/a2)

[0145] It should be noted that the calculation method
of the setting value 10 is not limited to the example de-
scribed above. For example, while the setting value of
the dose adjustment lens 240 is changed such that 11,
12 =11+ Al, and I3 = I1 - Al in the example described
above, the setting value of the dose adjustment lens 240
may be changed such that I1, 12 =11 + Al, and I3 =11 +
2 X Al. Alternatively, for example, the setting value of the
dose adjustment lens 240 may be changed such that 11,
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12=11-Al,and I13=11-2 X Al
3.3. Effects

[0146] For example, the electron microscope 300 has
the following effects.

[0147] With the electron microscope 300, since the
control unit 40 obtains the initial value 11 and the amount
of change Al in the optimization processing of an illumi-
nation angle based on previous setting values of the dose
adjustment lens 240, an adjustment of the dose adjust-
ment lens 240 can be accurately performed within a short
period of time.

3.4. Modifications

[0148] While a case in which the dose adjustment lens
240 is adjusted so that an electron beam parallelly illu-
minates the specimen S as optimization processing of
an illumination angle has been explained in the example
described above, the illumination angle can also be set
to an arbitrary angle in the optimization processing of an
illumination angle. As described above, the setting value
I1, the setting value 12, and the setting value 13 and the
first amount of change AR1, the second amount of
change AR2, and the third amount of change AR3 are in
a linear relationship. Therefore by obtaining a relation-
ship between the amount of change AR and the illumi-
nation angle in advance, the dose adjustment lens 240
can also be adjusted so as to realize a desired illumina-
tion angle in the optimization processing of an illumina-
tion angle.

[0149] It should be noted that the embodiments and
the modifications described above are merely examples
and the invention is not limited thereto. For example, the
respective embodiments and the respective modifica-
tions may be combined as deemed appropriate.

[0150] The invention is not limited to the embodiments
described above and various modifications can be further
made. For example, the invention includes configura-
tions that are substantially the same (for example, in func-
tion and method) as the configurations described in the
embodiments. The invention also includes configurations
in which non-essential elements described in the embod-
iments are replaced by other elements. The invention
furtherincludes configurations obtained by adding known
art to the configurations described in the embodiments.
[0151] Some embodiments of the invention have been
described in detail above, but a person skilled in the art
will readily appreciate that various modifications can be
made from the embodiments without materially departing
from the novel teachings and effects of the invention.
Accordingly, all such modifications are assumed to be
included in the scope of the invention.
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Claims

1.

A charged particle beam device comprising:

a charged particle source;

an optical system which acts on a charged par-
ticle beam emitted from the charged particle
source;

a control unit which controls the optical system;
and

a storage unit which stores previous setting val-
ues of the optical system,

the optical system including:

a first optical element; and

a second optical element for controlling a
state of the charged particle beam to be in-
cident on the first optical element,

the control unit performing:

processing of obtaining an initial value
of a setting value of the second optical
element based on previous setting val-
ues of the second optical element
which are stored in the storage unit; and
processing of changing a state of the
charged particle beam by changing the
setting value of the second optical ele-
ment from the obtained initial value and
obtaining the setting value of the sec-
ond optical element based on the
change in the state of the charged par-
ticle beam.

The charged particle beam device according to claim
1, wherein

the initial value is a time average of the previous
setting values of the second optical element which
are stored in the storage unit.

The charged particle beam device according to claim
1 or 2, wherein

the control unit performs processing of obtaining an
amount of change of the setting value of the second
optical element from the initial value based on the
previous setting values of the second optical element
which are stored in the storage unit, and

in the processing of obtaining the setting value of the
second optical element, the control unit changes the
setting value of the second optical element by the
obtained amount of change.

The charged particle beam device according to claim
3, wherein

the amount of change is a standard deviation of the
previous setting values of the second optical element
which are stored in the storage unit.
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The charged particle beam device according to any
one of claims 1 to 4, wherein

the control unit causes the storage unit to store the
setting value of the second optical element at pre-
determined time intervals.

The charged particle beam device according to any
one of claims 1 to 4, wherein

after performing the processing of obtaining the set-
ting value of the second optical element, the control
unit causes the storage unit to store the obtained
setting value of the second optical element.

The charged particle beam device according to any
one of claims 1 to 6, wherein

in the processing of obtaining the setting value of the
second optical element,

the control unit obtains a first amount of change
which is an amount of change of a position of the
charged particle beam which has passed through
the first optical element when a setting value of the
first optical element has been changed by setting the
setting value of the second optical element to the
initial value,

the control unit obtains a second amount of change
which is an amount of change of the position of the
charged particle beam which has passed through
the first optical element when the setting value of the
first optical element has been changed by changing
the setting value of the second optical element from
the initial value, and

the control unit obtains the setting value of the sec-
ond optical element which makes an amount of
change of the position of the charged particle beam
which has passed through the first optical element
zero when the setting value of the first optical ele-
ment has been changed based on the first amount
of change and the second amount of change.

The charged particle beam device according to claim
7, wherein

the first optical element is a multi-stage lens system,
the second optical element is a multi-stage deflector,
and

the setting value of the second optical element is a
value which controls an incidence position of the
charged particle beam with respect to the first optical
element.

The charged particle beam device according to claim
7, wherein

the first optical element is a multi-stage lens system,
the second optical element is a multi-stage deflector,
and

the setting value of the second optical element is a
value which controls an incidence angle of the
charged particle beam with respect to an optical axis
of the first optical element.
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10. The charged particle beam device according to any

1.

one of claims 1 to 6, wherein

the first optical element is an illumination lens which
illuminates a specimen with the charged particle
beam,

the second optical elementis a dose adjustmentlens
for adjusting an illumination angle of the charged par-
ticle beam,

the setting value of the second optical elementis a
value which controls an illumination angle of the
charged particle beam, and

in the processing of obtaining the setting value of the
second optical element,

the control unit obtains a first amount of change
which is an amount of change of a beam diameter
of the charged particle beam which has passed
through the first optical element when a setting value
of the first optical element has been changed by set-
ting the setting value of the second optical element
to the initial value,

the control unit obtains a second amount of change
which is an amount of change of the beam diameter
of the charged particle beam which has passed
through the first optical elementwhen the setting val-
ue of the first optical element has been changed by
changing the setting value of the second optical el-
ement from the initial value, and

the control unit obtains the setting value of the sec-
ond optical element which makes an amount of
change of the beam diameter of the charged particle
beam which has passed through the first optical el-
ement zero when the setting value of the first optical
elementhas been changedbased on the firstamount
of change and the second amount of change.

A control method of an optical system of a charged
particle beam device which includes: a charged par-
ticle source; an optical system which acts on a
charged particle beam emitted from the charged par-
ticle source; and a storage unitwhich stores previous
setting values of the optical system, the optical sys-
tem including a first optical element and a second
optical element for controlling a state of the charged
particle beam to be incident on the first optical ele-
ment,

the control method comprising:

obtaining an initial value of a setting value of the
second optical element based on previous set-
ting values of the second optical element which
are stored in the storage unit; and

changing a state of the charged particle beam
by changing the setting value of the second op-
tical element from the obtained initial value and
obtaining the setting value of the second optical
element based on the change in the state of the
charged particle beam.
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